MOTOR DRIVING DEVICE 
BACKGROUND OF TH K INVENTION 

!• Field of the Invention 

The invention relates to a driving device for a motor 
such as a stepping motor, and so forth, for controlling an angle 
and a speed of the motor. 
2. Description of the Related Art 

Following enhancement in performance of equipment 
driven by a stepping motor, the stepping motor is required to 
be rotatable in a wider range with low vibration, however, since 
the stepping motor is rotated by changing over energizing 
conditions of respective motor windings every time a command 
pulse given from outside is impressed, there arise problems of 
occurrence of vibration and step out, accompanying changeover 
of the energizing conditions. 

With the stepping motor described above, there has been 
generally adopted micro-step driving whereby exciting currents 
of the motor windings are caused to change smoothly by use of 
a PWM inverter of a pulse width modulation mode (PWM mode) as 
means for reducing vibration. That is, a micro-step function 
is provided by the PWM inverter whereby the motor windings are 
energized with motor winding currents varying in the form of 
a sine wave every time an external command pulse is impressed 
to subdivide a fundamental step angle, thereby rotating a rotor 
step by step every time the external command pulse is impressed. 

With a conventional motor driving device for a two-phase 
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stepping motor using the PWM inverter described above, by 
inputting an angle command 8*, an a-phase current command i„*, 
and a p-phase current command ip*, there are found deviation 
between i„* sine* and an exciting current i„£ of an a-phase motor 
winding, and deviation between ip* cosO* and an exciting current 
ip, of a p-phase motor winding, and voltages proportional to the 
deviations, respectively are impressed to the respective motor 
windings. Thus, in order to feed the exciting currents in 
accordance with the a-phase current command i„*, and the p- phase 
current command ip*, respectively, the voltages impressed to 
the a-phase and p-phase motor windings are controlled by current 
control systems independent from each other. 

in the case of such conventional techniques as described, 
since there exist a plurality of the current control systems 
independent from each other, there has been the need for 
installing the current control systems in the same number as 
the number of phases according as the phases of a stepping motor 
is increased, causing a problem of complexity in configuration. 



RTTMMARy OF THE TWVRWTTON 

It is therefore an object of the invention to provide 
a motor driving device, simple in configuration. 

With the invention, there is provided a motor driving 
device, comprising exciting current detectors for detecting 
exciting currents of motor windings of a motor, an exciting 
current amplitude computation means for computing an exciting 
current amplitude value or the square of the exciting current 
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amplitude value from an exciting current detection values 
detected by the exciting current detectors, and a voltage 
impression unit for impressing voltages at a values 
corresponding to the exciting current amplitude value or the 
square of the exciting current amplitude value to the motor 
windings . 

With the motor driving device, according to the invention, 
the voltages at the values corresponding to the exciting current 
amplitude value or the square of the exciting current amplitude 
value is impressed to the motor windings, so that there can be 
provided a motor driving device, simple in configuration. 

RPTKF DRSCRIP TTON OF THK DRAWINGS 

Fig. 1 is a block diagram of an embodiment of a motor 
driving device for a stepping motor according to the invention; 

Fig. 2 is a block diagram of another embodiment of a motor 
driving device for a stepping motor according to the invention; 

Fig. 3 is a block diagram of still another embodiment 
of a motor driving device for a stepping motor according to the 

invent ion ; and 

Fig. 4 is a block diagram of a further embodiment of a 
motor driving device for a stepping motor according to the 
invention. 

nRTATT.ED DESCRIPTION OF THE PPFFKRRED F.MBBODMENTS 

An embodiment of a motor driving device for a stepping 
motor according to the invention is described hereinafter with 
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reference to Fig. 1. In Fig. 1, a stepping motor 10 has two 
motor windings, that is, an a-phase motor winding and a p-phase 
motor winding, and an a-phase exciting current detector 12 
detects an exciting current of the a-phase motor winding of the 
stepping motor 10 while a p-phase exciting current detector 14 
detects an exciting current of the p-phase'motor winding of the 
stepping motor 10. An exciting current amplitude detector 16 
receives an a-phase exciting current detection value i„f 
outputted from the a-phase exciting current detector 12, and 
a p-phase exciting current detection value ip^ outputted from 
the p-phase exciting current detector 14, whereupon the square 
root of the sum of the square of the a-phase exciting current 
detection value i«f and the square of the p-phase exciting 
current detection value i^f is computed to thereby output an 
exciting current amplitude value if of the stepping motor 10. 

A current amplitude deviation detector 18 receives a 
current amplitude command i* given from a current amplitude 
command input terminal 8 and the exciting current amplitude 
value if, whereupon there is outputted a current amplitude 
deviation value representing a difference between the current 
amplitude command i* and the exciting current amplitude value 
if. A current controller 20 receives the current amplitude 
deviation value to thereby amplify the same. 

Meanwhile, an angle command 6* given from an angle 
command input terminal 2 enters a current command generator 4 
having a function of generating sine wave signals and a current 
command generator 6 having a function of generating cosine wave 
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signals, respectively, whereupon the current command generator 
4 outputs an a-phase current command sinB* and the current 
command generator 6 outputs a p-phase current command cose*. 
Multipliers 22, 24 carry out multiplication of an output of the 
current controller 20 by the a-phase current command sine*, and 
by the p-phase current command cose*, respectively. A PWM 
inverter 26 feeds motor winding currents varying in the form 
of a sine wave every time an external command pulse is impressed, 
whereupon voltages proportional to outputs of the multipliers 
22, 24, respectively, are impressed the stepping motor 10 as 
an a-phase motor winding voltage and a p-phase motor-winding 
voltage thereof, respectively. 

The a-phase exciting current detector 12 and the p-phase 
exciting current detector 14 make up exciting current detectors 
for detecting exciting currents of the motor windings. The 
exciting current amplitude detector 16 makes up an exciting 
current amplitude computation means for computing the exciting 
current amplitude value from the exciting current detection 
values. The current amplitude deviation detector 18 makes up 
a current amplitude deviation detection means for computing the 
current amplitude deviation value. The current command 
generator 4 and the current command generator 6 make up current 
command computation means for computing current command in the 
form of a sine wave signal and a current command in the form 
of a cosine wave signal on the basis of the angle command given 
from outside. The multipliers 22, 24 make up multiplication 
means for multiplying values corresponding to the current 
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amplitude deviation value by the current commands. The PWM 
inverter 26 makes up a voltage impression unit for impressing 
voltages at values corresponding to the exciting current 
amplitude value to the motor windings. 

The motor driving device for the stepping motor according 
to the present embodiment of the invention has a micro-step 
function of subdividing a fundamental step angle because the 
PWM inverter 26 feeds the motor winding currents varying in the 
form of the sine wave every time the external command pulse is 
impressed, thereby rotating a rotor step by step every time the 
external command pulse is impressed. Further, since this is 
a case of two-phase AC having an a-phase exciting current and 
a p-phase exciting current with a phase difference by 90° 
therebetween, the exciting current amplitude value i^ can be 
obtained by finding the square root of the sum of the square 
of the a-phase exciting current detection value i„f and the 
square of the p-phase exciting current detection value ip^ . Then, 
since the current amplitude command i* and the exciting current 
amplitude value i,, enter the current amplitude deviation 
detector 18, and the current amplitude deviation value sent out 
from the current amplitude deviation detector 18 enters the 
current controller 20, micro-step driving of the stepping motor 
10 can be implemented by use of one unit of the current amplitude 
deviation detector 18 and the current controller 20. That is, 
it is possible to effect the micro-step driving of a multi- 
phase stepping motor by use of one unit of a current amplitude 
deviation detector regardless of the number of phases. 
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Accordingly, it is possible to provide a driving device for a 
stepping motor, simple in configuration, so that a cost of the 
motor driving device can be reduced, and further, since the 
number of elements to be controlled can be reduced, fluctuation 
in exciting current amplitude can be decreased. Furthermore, 
the voltages proportional to values obtained by multiplying a 
value corresponding to the current amplitude deviation value 
by the a-phase current command sine*, and the p-phase current 
command cosO*, respectively, are impressed to the a-phase motor 
winding and p-phase motor winding of the stepping motor 10, 
respectively, so that current command amplitude for the a-phase 
and the p-phase, respectively, can be rendered to be at an 
identical value. 

Another embodiment of a motor driving device for a 
stepping motor according to the invention is described 
hereinafter with reference to Fig. 2. An exciting current 
amplitude detector 32 receives an a-phase exciting current 
detection value i„f and a p-phase exciting current detection 
value ipf , whereupon the sum of the square of the a-phase exciting 
current detection value i„f and the square of the p-phase 
exciting current detection value is computed to thereby 
output the square of an exciting current amplitude value i^' 
of the stepping motor 10. A current amplitude deviation 
detector 34 receives the square of a current amplitude command 
i*2 given from a current amplitude command input terminal 30, 
and the square of the exciting current amplitude value if' 
whereupon there is outputted a current amplitude square 
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deviation value, representing a difference between the square 
of the current amplitude command i*^ and the square of the 
exciting current amplitude value i^^, A current controller 20 
receives the current amplitude square deviation value to 
thereby amplify the same. Multipliers 22, 24 carry out 
multiplication of an output of the current controller 20 by the 
a-phase current command sin6*, and by the p-phase current 
command cosO*, respectively. A PWM inverter 26 impresses 
voltages proportional to outputs of the multipliers 22, 24, 
respectively, to the stepping motor 10 as an a-phase motor 
winding voltage and a p-phase motor winding voltage thereof, 
respectively . 

The exciting current amplitude detector 32 makes up an 
exciting current amplitude computation means for computing the 
square of the exciting current amplitude value from the exciting 
current detection values. The current amplitude deviation 
detector 34 makes up a current amplitude deviation detection 
means for computing the current amplitude square deviation 
value. The PWM inverter 26 makes up a voltage impression unit 
for impressing voltages at values corresponding to a deviation 
value of the square of the exciting current amplitude value and 
the square of the current amplitude command to the motor 
windings . 

With the present embodiment of the motor driving device 
for the stepping motor according to the invention, since the 
square of the current amplitude command i*S and the square of 
the exciting current amplitude value if^ enter the current 
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amplitude deviation detector 34, and voltages proportional to 
values corresponding to the current amplitude square deviation 
value delivered from the current amplitude deviation detector 
34 are impressed to the a-phase motor winding of the stepping 
motor 10 and the p-phase motor winding thereof, respectively, 
there is no need for finding square roots, so that computation 
can be simplified, thereby enabling a configuration of the 
device to be further simplified. Furthermore, when using a 
microcomputer in computation, computation time can be 
shortened. 

Still another embodiment of a motor driving device for 
a stepping motor according to the invention is described 
hereinafter with reference to Fig. 3. In Fig. 3, an a-phase 
exciting current detector 42 detects an exciting current of an 
a-phase motor-winding of a three-phase stepping motor 40 while 
a p-phase exciting current detector 44 detects an exciting 
current of a p-phase motor-winding of the stepping motor 40. 
A d/q rotational coordinate transformer 46 receives an a-phase 
exciting current detection value i„£ outputted from the a-phase 
exciting current detector 42, and a p-phase exciting current 
detection value ip£ outputted from the p-phase exciting current 
detector 44, thereby transforming the exciting current 
detection values i„f, ipf into transformed exciting current 
values id£, iqf of d/q axes coordinate orthogonal to each other, 
respectively. An exciting current amplitude detector 48 
receives the transformed exciting current values ijf, iqf, 
whereupon the square root of the sum of the squares of the 
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transformed exciting current values i,£ is computed to 

thereby output an exciting current amplitude value if of the 
stepping motor 40. A current amplitude deviation detector 18 
receives a current amplitude command i* and the exciting current 
amplitude value i^, whereupon there is outputted a current 
amplitude deviation value. A current controller 20 receives 
the current amplitude deviation value to thereby amplify the 
same. Meanwhile, an angle command 6* given from an angle 
command input terminal 2 is delivered to current command 
generators 54, 56, having a function of generating sine wave 
signals, respectively, whereupon the current command generator 
54 outputs a current command sine* and the current command 
generator 56 outputs a current command sin(e*+120°) . 
Multipliers 22, 24 carry out multiplication of an output of the 
current controller 20 by the current commands sine*, and 
sin(e*+120°) , respectively. An adder 50 adds up negative values 
of outputs of the multipliers 22, 24, respectively, to thereby 
find a value proportional to a current command sin(e*+240° ) . 
A PWM inverter 52 impresses voltages proportional to values 
obtained by multiplying an output of the multipliers 22, 24, 
and the adder 50, that is, a value corresponding to the current 
amplitude deviation value, by the current commands sine*, 
sin(e*+120''), and sin(e*+240°) , respectively, to the stepping 
motor 40 as respective motor winding voltages thereof. 

The d-q rotational coordinate transformer 46 and the 
exciting current amplitude detector 48 make up an exciting 
current amplitude computation means for computing the exciting 
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current amplitude value by executing coordinate transformation 
of the two exciting current detection values to find the two 
transformed exciting current values , thereby finding the square 
root of the sum of the squares of the transformed exciting 
current values. The current command generators 54, 56 make up 
current command computation means for computing the current 
commands in the form of a sine wave signal on the basis of angle 
command. The PWM inverter 52 makes up a voltage impression unit 
for impressing voltages at values corresponding to the exciting 
current amplitude values to the motor windings. 

With the motor driving device for the stepping motor 
according to the present embodiment of the invention, an a- 
phase exciting current and a p-phase exciting current are not 
two-phase AC with a phase difference by 90° therebetween, but 
transformed exciting currents of the d/q axes coordinate are 
two-phase AC with a phase difference by 90° therebetween, so 
that the exciting current amplitude value i^ can be obtained 
by finding the square root of the sum of the squares of the 
transformed exciting current values i^f, iqf/ respectively. 
Accordingly, the motor driving device for the three-phase 
stepping motor 40 can be rendered as simple in configuration 
as the driving device for the two-phase stepping motor 10. 

Further, by altering computation contents of the 
coordinate transformer, and input commands to the PWM inverter 
52 so as to correspond to the number of phases , the motor driving 
device according to the present embodiment can similarly cope 
with a multi-phases stepping motor other than the three-phase 
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stepping motor, regardless of the number of the phases. 

A further embodiment of a motor driving device for a 
stepping motor according to the invention is described 
hereinafter with reference to Fig. 4. In Fig. 4, an exciting 
current amplitude detector 60 receives transformed exciting 
current values i^t, iqf, whereupon the sum of the squares of the 
transformed exciting current values i^f, iqf is computed to 
thereby output the square of an exciting current amplitude value, 
if% of the stepping motor 40. A current amplitude deviation 
detector 34 receives the square of a current amplitude command 
i*^ and the square of the exciting current amplitude value if% 
whereupon there is outputted a current amplitude square 
deviation value. A current controller 20 receives the current 
amplitude square deviation value to thereby amplify the same. 
Multipliers 22, 24 carry out multiplication of an output of the 
current controller 20 by current commands sine*, and sin(e*+120*') , 
respectively. An adder 50 adds up negative values of outputs 
of the multipliers 22, 24, respectively. A PWM inverter 52 
impresses voltages proportional to values obtained by 
multiplying outputs of the multipliers 22, 24, and the adder 
50, that is, a value corresponding to the current amplitude 
square deviation value, by the current commands sine*, 
sin(e*+120°) , and a current command sin(e*+240°) , respectively, 
to the stepping motor 40 as respective motor winding voltages 
thereof. 

The d/q rotational coordinates transformer 46 and the 
exciting current amplitude detector 60 make up an exciting 



current amplitude computation means for computing the square 
of the exciting current amplitude value by executing coordinate 
transformation of the two exciting current detection values to 
find the two transformed exciting current values, thereby 
finding the sum of the squares of the transformed exciting 
current values. The PWM inverter 52 makes up a voltage 
impression unit for impressing voltages at values corresponding 
to a deviation value of the square of the exciting current 
amplitude value and the square of the current amplitude command 
to the motor windings . 

Furthermore, the invention is applicable to a motor 
driving device for a brushless motor by providing a motor with 
a magnetic polarity detector and using an output signal of the 
magnetic polarity detector as an excitation changeover signal 
corresponding to an external command pulse. 

In addition, a microcomputer may be used for the exciting 
current amplitude computation means, current amplitude 
deviation detection means, current command computation means, 
and multiplication means. 
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